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(57) ABSTRACT 

A surface mount optical coupler includes a silicon substrate; 
an optical semiconductor device disposed on an upper 
surface of the silicon substrate; and a short bare ?ber formed 
of vitreous silica. AV-shaped linear groove is formed in the 
upper surface of the silicon substrate. The V-shaped groove 
extends from one end surface of the silicon substrate toWard 
a light emitting surface of the optical semiconductor device 
in a direction perpendicular to the light emitting surface. 
Further, the V-shape groove supports the short bare ?ber. 
The short bare ?ber has one end surface optically coupled 
With a light emitting portion of the light emitting surface. 
The short bare ?ber has a length smaller than that of the 
V-shaped groove. 
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Fig. 1 
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Fig. 6(B) 
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Fig. 8 
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Fig. 9(A) Prior Art 

Fig. 9(B) Prior Art 
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SURFACE MOUNT OPTICAL COUPLER, 
METHOD OF MOUNTING THE SAME, AND 
METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION AND 
RELATED ART STATEMENT 

[0001] The present invention relates to a surface mount 
optical coupler, a method of mounting the same, and a 
method of producing the same. More speci?cally, the 
present invention relates to a surface mount optical coupler 
using a silicon substrate. 
[0002] In a surface mount optical coupler, components 
such as an optical semiconductor device and an optical part 
are precisely mounted at speci?c positions on a silicon 
substrate through image recognition or mechanical position 
ing. In a method of mounting an optical semiconductor 
device and an optical part, an axis adjusting process for 
adjusting axes thereof to achieve optical coupling is omitted 
or simpli?ed (refer to Patent References 1 and 2). 
[0003] With reference to FIGS. 9(A), 9(B), and 10, con 
ventional surface mount optical couplers Will be explained. 
FIGS. 9(A) and 9(B) are vieWs shoWing a con?guration of 
the conventional surface mount optical coupler. As shoWn in 
FIGS. 9(A) and 9(B), the conventional surface mount optical 
coupler includes an optical semiconductor device 10 and an 
optical ?ber 60 as an optical part. 
[0004] In a method of producing the conventional surface 
mount optical coupler, a V-shaped groove 14 is formed in a 
surface of a silicon substrate 12 through an alkali etching 
process. The optical semiconductor device 10 (laser diode or 
photo diode) is precisely mounted at a speci?c position on 
the silicon substrate 12 through image recognition or 
mechanical positioning. A pigtail bare ?ber 16 is placed in 
the V-shaped groove 14 such that a distance betWeen an end 
surface of the optical ?ber 60 and a light emitting surface or 
a light receiving surface of the optical semiconductor device 
10 becomes a proper optical coupling distance, thereby 
forming the conventional surface mount optical coupler. 
[0005] Accordingly, in the method of producing the con 
ventional surface mount optical coupler, it is possible to 
mount the optical semiconductor device 10 and the optical 
?ber 60 Without an axis adjusting process. That is, When a 
resin layer of the optical ?ber 60 at a distal end portion 
thereof is removed through a bare process of the pigtail bare 
?ber 16, the distal end portion of the optical ?ber 60 
becomes a bare optical ?ber in a state that a glass portion 
thereof is exposed. 
[0006] In general, the pigtail bare ?ber 16 has a very small 
amount of decentration With respect to an outer diameter of 
a bare ?ber and a core center. Accordingly, When the pigtail 
bare ?ber 16 is placed in the V-shaped groove 14, it is 
possible to precisely position the pigtail bare ?ber 16 With 
respect to the optical semiconductor device 10 mounted 
precisely (refer to Patent Reference 3). 
[0007] In the optical ?ber 60, a cover cord 18 covering the 
bare optical ?ber is reinforced With a ?exible plastic or an 
ultraviolet setting resin. Accordingly, it is possible to 
increase strength of the optical ?ber 60 and improve han 
dling performance thereof While the base optical ?ber is still 
?exible. 
[0008] After an intermediate assembly of the conventional 
surface mount optical coupler is placed in a package 20, the 
package 20 is air-tightly sealed, thereby obtaining the con 
ventional surface mount optical coupler. In this process, an 
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Au metal portion 22 deposited in advance on the pigtail bare 
?ber 16 is inserted into a metal pipe 24. Afterward, the metal 
pipe 24 is sealed With sealing solder 26, and a cover 28 is 
Welded to the package 20. 
[0009] When the conventional surface mount optical cou 
pler is attached to an electrical circuit board, package leads 
30 are connected to the electrical circuit board With solder, 
so that an excess amount of heat is not conducted to the 
cover cord 18. 

[0010] FIG. 10 is a vieW shoWing another conventional 
surface mount optical coupler. The conventional surface 
mount optical coupler shoWn in FIG. 10 has a con?guration 
of a collimator lens coupling type. In the conventional 
surface mount optical coupler, a collimator lens 32 converts 
divergent light emitted from the optical semiconductor 
device 10 (laser diode) mounted on the silicon substrate 12 
to parallel light. A collective lens 34 converges the parallel 
light one more time and couples to the pigtail bare ?ber 16 
(refer to Patent Reference 4). 
[0011] In the conventional surface mount optical coupler 
shoWn in FIG. 10, a space betWeen the collimator lens 32 
and the collective lens 34 is used for mounting an isolator 
and the likes. The pigtail bare ?ber 16 is mechanically 
positioned in the V-shaped groove 14. Further, the collimator 
lens 32 and the collective lens 34 are mounted in lens 
mounting V-shaped grooves 36 formed in the silicon sub 
strate 12 Without an axis adjusting process. Accordingly, it 
is possible to signi?cantly simplify the axis adjusting pro 
cess of the optical part. 
[0012] Patent Reference 1: Japanese Patent Publication 
No. 11-6941 

[0013] Patent Reference 2: Japanese Patent Publication 
No. 2003-344711 

[0014] Patent Reference 3: Japanese Patent Publication 
No. 2005-55475 

[0015] Patent Reference 4: Japanese Patent Publication 
No. 2001-94191 

[0016] In the conventional surface mount optical coupler 
described above and shoWn in FIGS. 9(A) and 9(B), When 
the surface mount optical coupler is placed in the package 
20, it is necessary to deposit the Au metal portion 22 on the 
pigtail bare ?ber 16, so that the outlet portion of the optical 
?ber 60 is sealed With the sealing solder 26. Further, it is 
necessary to provide the metal pipe 24 in a sideWall of the 
package 20 for inserting the pigtail bare ?ber 16, thereby 
increasing processing cost. 
[0017] In the conventional surface mount optical coupler 
described above and shoWn in FIGS. 9(A) and 9(B), it may 
be possible to seal the outlet portion of the optical ?ber 60 
With a resin, or to use a less expensive plastic package. In 
this case, hoWever, although it is possible to reduce cost, it 
is dif?cult to air-tightly seal the package 20 and to achieve 
necessary reliability, thereby making it dif?cult to balance 
cost and performance. 
[0018] Further, When the conventional surface mount opti 
cal coupler is attached to the electrical circuit board, it is 
dif?cult to stably place the package 20 on the electrical 
circuit board due to a repulsive force of the optical ?ber 60. 
As a result, it is dif?cult to attach the conventional surface 
mount optical coupler to the electrical circuit board With 
solder using a soldering iron. 
[0019] All of the other electric components are mounted 
on the electrical circuit board through a re?oW process. 
Accordingly, if it is possible to mount the conventional 
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surface mount optical coupler through the re?oW process, it 
is possible to signi?cantly improve efficiency of the mount 
ing operation. 
[0020] However, in the re?oW process, it is necessary to 
heat a component up to 230 to 250° C. that exceeds a 
Withstand temperature of the cover cord 18. Further, it is 
dif?cult to stably place the conventional surface mount 
optical coupler on the electrical circuit board. As a result, in 
general, the conventional surface mount optical coupler is 
attached to the electrical circuit board With solder using a 
soldering iron. 
[0021] In the surface mount optical coupler of the colli 
mator lens coupling type shoWn in FIG. 10, in order to 
correct mode mismatching betWeen the laser diode and the 
optical ?ber, it is necessary to convert (image enlargement) 
a spot image of the laser diode through a lens to a siZe 
substantially same as that of the optical ?ber. HoWever, it is 
dif?cult to completely correct the mode mismatching, 
thereby loWering coupling efficiency. 
[0022] Further, in the conventional surface mount optical 
coupler of the collimator lens coupling type, it is necessary 
to achieve high angle tolerance betWeen the lenses. Accord 
ingly, it is necessary to mount the laser diode and the lenses 
With high accuracy. Therefore, When the laser diode and the 
lenses are mounted Without an axis adjusting process, pro 
duction yield tends to loWer. 
[0023] In vieW of the problems described above, an object 
of the present invention is to provide a surface mount optical 
coupler With loW cost and improved reliability. Further, an 
object of the present invention is to provide a method of 
mounting the surface mount optical coupler and a method of 
producing the surface mount optical coupler With improved 
ef?ciency. 
[0024] Further objects and advantages of the invention 
Will be apparent from the folloWing description of the 
invention. 

SUMMARY OF THE INVENTION 

[0025] In order to attain the objects described above, 
according to the present invention, a surface mount optical 
coupler includes a silicon substrate; an optical semiconduc 
tor device disposed on an upper surface of the silicon 
substrate; and a short bare ?ber formed of vitreous silica. A 
V-shaped linear groove is formed in the upper surface of the 
silicon substrate. The V-shaped groove extends from one end 
surface of the silicon substrate toWard a light emitting 
surface of the optical semiconductor device in a direction 
perpendicular to the light emitting surface. Further, the 
V-shape groove supports the short bare ?ber. The short bare 
?ber has one end surface optically coupled With a light 
emitting portion of the light emitting surface. The short bare 
?ber has a length smaller than that of the V-shaped groove. 
[0026] According to the present invention, a method of 
producing a surface mount optical coupler enables a re?oW 
process When the surface mount optical coupler is mounted 
on an electrical circuit board in a state that a short bare ?ber 

is disposed in a V-shaped groove. 
[0027] More speci?cally, the method includes the steps of: 
forming a linear V-shaped groove in an upper surface of a 
silicon substrate from one side of an area to a middle of the 
area in Which the area is cut from a silicon Wafer in a 
rectangular shape; mounting an optical semiconductor 
device on the upper surface of the silicon substrate on an 
extension of the V-shape groove such that a light emitting 
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surface of the optical semiconductor device is aligned in a 
direction perpendicular to a direction that the V-shape 
groove extends; placing a short bare ?ber formed of vitreous 
silica having a length smaller than that of the V-shaped 
groove in the V-shaped groove such that one end surface of 
the short bare ?ber is optically coupled With the light 
emitting surface of the optical semiconductor device; and 
sealing the optical semiconductor device and the short bare 
?ber With a sealing cover. 

[0028] In the surface mount optical coupler according to 
the present invention, there is provided the short bare ?ber 
having a length smaller than that of the V-shaped groove 
formed in the silicon substrate. Further, the short bare ?ber 
is optically coupled With the optical semiconductor device. 
Accordingly, When a portion of the short bare ?ber on a side 
of the one end surface thereof and the optical semiconductor 
device are sealed With a sealing cover, a portion of the short 
bare ?ber on a side of the other end surface thereof can 
protrude from the sealing cover. 
[0029] As a result, in the present invention, it is possible 
to optically couple the short bare ?ber With the optical 
semiconductor device through an arbitrary method. Further, 
it is not necessary to insert a pigtail bare ?ber into a metal 
package for the optical coupling, as opposed to a conven 
tional surface mount optical coupler in Which it is necessary 
to air-tightly seal through solder. 
[0030] In the present invention, it is possible to mount the 
surface mount optical coupler air-tightly sealed in advance 
on a package. Accordingly, it is possible to use a package 
formed of a resin or a non-metallic material, instead of a 
metal package, thereby signi?cantly reducing production 
cost. 

[0031] In the method of producing the surface mount 
optical coupler according to the present invention, since a 
Whole portion of the short bare ?ber is formed of vitreous 
silica, the short bare ?ber has an extremely high melting 
temperature and sufficient high temperature resistance With 
respect to a re?oW process. Further, it is possible to stably 
place the silicon substrate in a state that the short bare ?ber 
is placed in the V-shaped groove. Accordingly, it is possible 
to mount the surface mount optical coupler through the 
re?oW process together With other electrical components. 
[0032] Further, in the method of producing the surface 
mount optical coupler according to the present invention, it 
is possible to perform and complete a series of the produc 
tion steps on the silicon substrate such as forming the 
V-shaped groove in the silicon substrate, mounting the 
optical semiconductor device, placing the short bare ?ber, 
and sealing the surface mount optical coupler air-tightly. 
Accordingly, it is possible to automatically produce the 
surface mount optical coupler in a short period of time With 
high ef?ciency, thereby reducing production cost and main 
taining stable quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a schematic exploded perspective vieW 
shoWing a surface mount optical coupler having a short bare 
?ber according to a ?rst embodiment of the present inven 
tion; 
[0034] FIG. 2 is a schematic exploded perspective vieW 
shoWing a surface mount optical coupler having a short bare 
?ber and a ball lens according to a second embodiment of 
the present invention; 
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[0035] FIG. 3 is schematic plan vieW showing an example 
of the short bare ?ber With metal deposited thereon accord 
ing to the present invention; 
[0036] FIG. 4 is a schematic exploded perspective vieW 
showing a surface mount optical coupler having a short bare 
?ber and tWo ball lenses according to a third embodiment of 
the present invention; 
[0037] FIG. 5 is a graph shoWing a relationship betWeen 
an optical coupling loss and an axial shift amount; 
[0038] FIG. 6(A) is a schematic perspective vieW shoWing 
a surface mount optical coupler having a short bare ?ber 
according to a fourth embodiment of the present invention, 
and FIG. 6(B) is a vieW shoWing an off-set state of an optical 
?ber; 
[0039] FIG. 7 is a schematic vieW shoWing an example of 
a conventional patch cord ?ber in a connected state; 
[0040] FIG. 8 is a schematic vieW shoWing a method of 
producing the surface mount optical coupler according to a 
?fth embodiment of the present invention; 
[0041] FIG. 9(A) is a schematic vieW shoWing a conven 
tional surface mount optical coupler, and FIG. 9(B) is a 
schematic vieW shoWing an assembly process of the con 
ventional surface mount optical coupler; and 
[0042] FIG. 10 is a schematic perspective vieW shoWing 
another conventional surface mount optical coupler. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0043] Hereunder, embodiments of the present invention 
Will be explained With reference to the accompanying draW 
ings. The draWings schematically shoW shapes, siZes, and 
positional relationships of constituting component, and the 
invention is not limited to those shoWn in the draWings. In 
the draWings, a siZe, a shape, and an arrangement of the 
constituting components are schematically shoWn for expla 
nation of the present invention. Speci?c materials, condi 
tions, and numerical conditions described in the folloWing 
description are just examples, and the invention is not 
limited to those examples. 

First Embodiment 

[0044] A ?rst embodiment of the present invention Will be 
explained. FIG. 1 is a schematic exploded perspective vieW 
shoWing a surface mount optical coupler according to the 
?rst embodiment of the present invention. 
[0045] As shoWn in FIG. 1, the surface mount optical 
coupler includes a silicon substrate 12; an optical semicon 
ductor device 10 disposed on the silicon substrate 12; a 
V-shaped groove 14 With a linear shape formed in the silicon 
substrate 12; and a short bare ?ber 38. 
[0046] In the embodiment, the optical semiconductor 
device 10 may include a semiconductor laser and a light 
reception element. Similar to a conventional mount optical 
coupler, the optical semiconductor device 10 is mounted on 
the silicon substrate 12 With high precision. 
[0047] In the embodiment, the V-shaped groove 14 is 
formed in an upper surface 12a of the silicon substrate 12. 
Further, the V-shaped groove 14 extends from one end 
surface 12b of the silicon substrate 12 toWard a light 
emitting surface 10a of the optical semiconductor device 10 
in a direction perpendicular to the light emitting surface 10a. 
[0048] In the embodiment, the short bare ?ber 38 has a 
length smaller than that of the V-shaped groove 14. Further, 
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the short bare ?ber 38 is supported With the V-shaped groove 
14 in a state that one end surface of the short bare ?ber 38 
is optically coupled With a light emitting portion of the light 
emitting surface 10a. 
[0049] The short bare ?ber 38 Will be explained in more 
detail. After the short bare ?ber 38 is placed in the V-shaped 
groove 14, a sealing cover 40 is placed on the silicon 
substrate 12, so that the sealing cover 40 pushes the short 
bare ?ber 38 from above. Then, the sealing cover 40 is 
pressed and thermally ?xed to the silicon substrate 12 With 
solder or loW melting point glass 42. 
[0050] When the sealing cover 40 is ?xed to the silicon 
substrate 12 With the solder 42, it is necessary to deposit Au 
metal for soldering on outer surfaces of the short bare ?ber 
38, the silicon substrate 12, and the sealing cover 40. 
Further, it is necessary to extend an electrode from a 
backside of the silicon substrate 12 through a via hole, and 
to provide an insulation layer on an electric Wiring pattern 
for preventing electric short. When the sealing cover 40 is 
?xed to the silicon substrate 12 With the loW melting point 
glass 42, it is possible to directly connect the short bare ?ber 
38 to an oxide layer on a surface of the silicon substrate 12. 
[0051] An outer circumference of the short bare ?ber 38 is 
formed of a vitreous silica cladding to obtain high heat 
resistance and air-tightness. The one end surface of the short 
bare ?ber 38 facing the light emitting portion of the optical 
semiconductor device 10 may be formed in a ?at shape, an 
inclined shape, or a round shape, or may be coated With an 
anti-re?ection layer according to optical speci?cation and 
coupling ef?ciency With respect to the optical semiconductor 
device 10. 
[0052] The other end surface of the short bare ?ber 38 is 
optically coupled With an optical part other than an optical 
coupler or an optical part outside an optical coupler. In the 
embodiment shoWn in FIG. 1, the short bare ?ber 38 is 
directly and optically coupled With a pigtail bare ?ber 16 in 
the V-shaped groove 14. In this case, the pigtail bare ?ber 16 
is placed in a space in the V-shaped groove 14 betWeen the 
other end surface of the short bare ?ber 38 and the end 
surface 12b of the silicon substrate 12. 
[0053] In the embodiment, a re?ective index matching 
member 44 formed of a transparent silicone resin is ?lled in 
the optically coupled portion betWeen the short bare ?ber 38 
and the pigtail bare ?ber 16 for reducing a coupling loss and 
re?ection light. 
[0054] In the embodiment, the surface mount optical cou 
pler includes the sealing cover 40 for air-tightly sealing a 
portion of the short bare ?ber 38 on a side of the other end 
surface thereof and the optical semiconductor device 10. The 
sealing cover 40 includes a space for accommodating the 
optical semiconductor device 10 and a groove 40a for 
receiving the portion of the short bare ?ber 38, so that the 
short bare ?ber 38 extends outside the sealing cover 40. 
Further, the sealing cover 40 is Welded to the upper surface 
12a of the silicon substrate 12 With solder, a resin, or a loW 
melting point glass. Accordingly, the portion of the short 
bare ?ber 38 opposite to the light emitting surface 10a 
extends outside the sealing cover 40, so that the other end 
surface of the short bare ?ber 38 is optically coupled With 
the pigtail bare ?ber 16 outside the sealing cover 40. 

Second Embodiment 

[0055] A second embodiment of the present invention Will 
be explained next. FIG. 2 is a schematic exploded perspec 
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tive vieW showing a surface mount optical coupler according 
to the second embodiment of the present invention. 

[0056] In the embodiment, the short bare ?ber 38 is 
optically coupled With the optical semiconductor device 10 
(laser diode) through a ball lens 46. As shoWn in FIG. 2, the 
optical semiconductor device 10 and the ball lens 46 are 
disposed on the silicon substrate 12, so that the sealing cover 
40 air-tightly seals the optical semiconductor device 10 and 
the ball lens 46. 

[0057] In the surface mount optical coupler having the 
optical semiconductor device 10 and the short bare ?ber 38 
according to the second embodiment, similar to the ?rst 
embodiment, the short bare ?ber 38 is ?xed to the silicon 
substrate 12 With the sealing cover 40 using solder or loW 
melting point glass, so that the interior of the sealing cover 
40 is air-tightly sealed. Accordingly, a light signal is 
received and transmitted through the ball lens 46 and the 
short bare ?ber 38 betWeen the optical semiconductor device 
10 and the pigtail bare ?ber 16. 

[0058] In the surface mount optical coupler according to 
the second embodiment, similar to the ?rst embodiment, the 
re?ective index matching member 44 formed of a transpar 
ent silicone resin is ?lled in the optically coupled portion 
betWeen the short bare ?ber 38 and the pigtail bare ?ber 16 
for reducing a coupling loss and re?ection light. 

[0059] In the embodiment, the short bare ?ber 38 is ?xed 
to the silicon substrate 12 With solder or loW melting point 
glass through the thermal pressing method for air-tightly 
sealing. Instead of a metal package, it is possible to use a 
resin package or a non-metal package, thereby reducing 
cost. 

[0060] In the embodiment, the short bare ?ber 38 is 
directly and optically coupled With the pigtail bare ?ber 16 
outside the sealing cover 40. Further, the pigtail bare ?ber 16 
is supported in the V-shaped groove 14 outside the sealing 
cover 40. Accordingly, it is possible to reduce negative 
in?uence of slight movement or vibration on the air-tight 
ness of the sealing cover 40 ?xed to the silicon substrate 12, 
thereby improving reliability of the optical coupler. 
[0061] In a conventional optical coupler, When metal is 
deposited on an optical ?ber With a cover cord, metal is 
locally deposited on a pigtail ?ber of the optical ?ber. 
Accordingly, it is di?icult to produce the optical ?ber in a 
large quantity, thereby loWering productivity and increasing 
cost. 

[0062] To this end, metal may de deposited on the short 
bare ?ber 38 With the folloWing process. FIG. 3 is schematic 
plan vieW shoWing an example of the short bare ?ber 38 With 
metal deposited thereon according to the present invention. 
As shoWn in FIG. 3, in the process, ?rst, metal 58 is 
deposited on a long bare ?ber 56. AfterWard, the long bare 
?ber 56 is cut into a plurality of the short bare ?bers 38. 
Accordingly, it is possible to simplify the deposition process 
and increase production capacity, thereby reducing cost. 
[0063] In the embodiment, the short bare ?ber 38 is 
formed of vitreous silica having a high melting point. 
Accordingly, the short bare ?ber 38 has su?icient heat 
resistance relative to a re?oW temperature. Further, it is 
possible to stably place the silicon substrate 12 in the state 
that the short bare ?ber 38 is disposed in the V-shaped 
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groove 14. Accordingly, it is possible to mount the optical 
coupler With a re?oW process together With other electrical 
components. 

Third Embodiment 

[0064] A third embodiment of the present invention Will 
be explained next. FIG. 4 is a schematic exploded perspec 
tive vieW shoWing a surface mount optical coupler according 
to the third embodiment of the present invention. In the 
embodiment, the surface mount optical coupler is a colli 
mator lens coupling type. 
[0065] As shoWn in FIG. 4, in the surface mount optical 
coupler, the optical semiconductor device 10 mounted on the 
upper surface 12a of the silicon substrate 12 and the portion 
of the short bare ?ber 38 optically coupled With the optical 
semiconductor device 10 are air-tightly sealed With the 
sealing cover 40. Further, the short bare ?ber 38 is optically 
coupled With the pigtail bare ?ber 16 outside the sealing 
cover 40 through a collimator lens 32 and a collective lens 
34. 
[0066] In the embodiment, the collimator lens 32 and the 
collective lens 34 are mounted in V-shaped grooves 36 
Without an axis adjusting process. The pigtail bare ?ber 16 
is disposed in a V-shaped groove 62 formed in the upper 
surface 12a of the silicon substrate 12. The V-shaped groove 
62 extends linearly on an extension of the V-shaped groove 
14. 
[0067] In the embodiment, the short bare ?ber 38 has a 
spot siZe of light same as that of the pigtail bare ?ber 16, and 
is optically coupled With the pigtail bare ?ber 16 through the 
collimator lens system. That is, the short bare ?ber 38 
mounted in the V-shaped groove 14 is optically coupled With 
the optical semiconductor device 10 (laser diode) mounted 
on the upper surface 12a of the silicon substrate 12 Without 
an axis adjusting process. Further, the short bare ?ber 38 is 
optically coupled With the pigtail bare ?ber 16 through the 
collimator lens 32 and the collective lens 34 mounted in the 
V-shaped grooves 36. 
[0068] In the embodiment, the ?bers having an equivalent 
mode are coupled through the lenses, thereby improving 
coupling e?iciency and alleviating mounting tolerance. 
[0069] FIG. 5 is a graph shoWing a relationship betWeen 
an optical coupling loss and an axial shift amount. In FIG. 
5, a tolerance characteristic of the optical coupling loss is 
simulated in the collimator lens coupling betWeen the optical 
semiconductor device 10 and the pigtail bare ?ber 16, and 
the collimator lens coupling betWeen the short bare ?ber 38 
and the pigtail bare ?ber 16. 
[0070] In the simulation, a laser frequency is 1310 nm. In 
the collimator lens coupling betWeen the optical semicon 
ductor device 10 and the pigtail bare ?ber 16, the optical 
semiconductor device 10 or the laser diode has a mode 
diameter of 2 pm in a single mode; the collimator lens 32 is 
a ball lens formed of TaF3 and having a diameter of 0.6 mm; 
the collective lens 34 is a ball lens formed of BK7 and 
having a diameter of 1.0 mm; and the pigtail bare ?ber 16 
has a mode diameter of 10 um in a single mode. 
[0071] In the collimator lens coupling betWeen the short 
bare ?ber 38 and the pigtail bare ?ber 16, the short bare ?ber 
38 has a mode diameter of 10 pm in a single mode; the 
collimator lens 32 and the collective lens 34 are ball lenses 
formed of BK7 and having a diameter of 1.0 mm; and the 
pigtail bare ?ber 16 has a mode diameter of 10 pm in a single 
mode. 
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[0072] In FIG. 5, a horizontal axis represents the axial 
shift amount (pm) of the optical semiconductor device 10 or 
the short bare ?ber 38 in a lateral direction, and a vertical 
axis represents the optical coupling loss (dB). A hidden line 
I represents the relationship in the collimator lens coupling 
betWeen the optical semiconductor device 10 and the pigtail 
bare ?ber 16. A solid line II represents the relationship in the 
collimator lens coupling betWeen the short bare ?ber 38 and 
the pigtail bare ?ber 16. 
[0073] As shoWn in FIG. 5, in the collimator lens coupling 
betWeen the optical semiconductor device 10 and the pigtail 
bare ?ber 16, When the axial shift amount is Zero, the optical 
coupling loss is about —5.0 db. Further, When the axial shift 
amount is 12.0 pm, the optical coupling loss is about —12.0 
db, respectively. In the collimator lens coupling betWeen the 
short bare ?ber 38 and the pigtail bare ?ber 16, When the 
axial shift amount is Zero, the optical coupling loss is about 
—l.5 db. Further, When the axial shift amount is 15.0 pm, the 
optical coupling loss is about —6.3 db, respectively. 
[0074] In comparison betWeen the hidden line I and the 
solid line II, in the collimator lens coupling betWeen the 
optical semiconductor device 10 and the pigtail bare ?ber 
16, the coupling loss is relatively large due to the mode 
mismatch, and the mounting tolerance is severe With respect 
to the shift of the optical semiconductor device 10. Accord 
ingly, the mounting With an axial adjusting process is 
necessary. 
[0075] On the other hand, in the collimator lens coupling 
betWeen the short bare ?ber 38 and the pigtail bare ?ber 16, 
the optical coupling loss and the mounting tolerance are 
signi?cantly improved due to the same mode of the short 
bare ?ber 38 and the pigtail bare ?ber 16. Accordingly, it is 
possible to mount Without an axial adjusting process. 

Fourth Embodiment 

[0076] With reference to FIGS. 6(A) and 6(B), a fourth 
embodiment of the present invention Will be explained. FIG. 
6(A) is a schematic perspective vieW shoWing a surface 
mount optical coupler according to the fourth embodiment 
of the present invention, and FIG. 6(B) is a vieW shoWing an 
off-set state of tWo optical ?bers for patch connection. 
[0077] As shoWn in FIG. 6(A), the surface mount optical 
coupler includes the silicon substrate 12; the optical semi 
conductor device 10 disposed on the upper surface 12a of 
the silicon substrate 12; the short bare ?ber 38 With a single 
mode disposed in a front V-shaped groove 48a; and the 
pigtail bare ?ber 16 With a multi mode disposed in a rear 
V-shaped groove 48b. 
[0078] In the embodiment, the short bare ?ber 38 is 
optically coupled With the pigtail bare ?ber 16 in a state that 
the end surface thereof closely faces that of the short bare 
?ber 38. The re?ective index matching member 44 formed 
of a transparent silicone resin is ?lled in the optically 
coupled portion betWeen the short bare ?ber 38 and the 
pigtail bare ?ber 16 for reducing a coupling loss and 
re?ection light. 
[0079] When tWo optical ?bers are optically coupled in a 
state that optical axes thereof are shifted, such optical 
connection is called patch cord connection. In the embodi 
ment, the short bare ?ber 38 With a single mode functions as 
a patch cord relative to the pigtail bare ?ber 16 With a multi 
mode. 
[0080] When the short bare ?ber 38 has a diameter same 
as that of the pigtail bare ?ber 16, the front V-shaped groove 
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4811 is con?gured to have a Width W1 same as a Width W2 
of the rear V-shaped groove 48b (W1:W2), so that a ?ber 
core of the short bare ?ber 38 matches to that of the pigtail 
bare ?ber 16 (AhIO). In this case, it is possible to exactly 
irradiate light from the short bare ?ber 38 With a single mode 
to the ?ber core of the pigtail bare ?ber 16 With a multi 
mode. 
[0081] On the other hand, the short bare ?ber 38 has a 
diameter different from that of the pigtail bare ?ber 16, the 
front V-shaped groove 48a is con?gured to have a Width W1 
different from a Width W2 of the rear V-shaped groove 48b 
(W1#W2), so that the ?ber core of the short bare ?ber 38 is 
shifted from that of the pigtail bare ?ber 16 (Ah¢0). Accord 
ingly, it is possible to exactly irradiate light from the short 
bare ?ber 38 With a single mode to the ?ber core of the 
pigtail bare ?ber 16 With a multi mode. 
[0082] With reference to FIG. 7, a conventional patch 
connection Will be compared With the patch connection 
according to the embodiment of the present invention. FIG. 
7 is a schematic vieW shoWing an example of the conven 
tional patch connection, in Which a conventional patch cord 
?ber 50 With a single mode is connected to a conventional 
multi mode ?ber 52. 
[0083] In the example, a ?ber core of the conventional 
patch cord ?ber 50 is shifted from a center thereof, so that 
an optical axis is offset relative to a ?ber core of the 
conventional multi mode ?ber 52 upon connection. Accord 
ingly, light of a single mode from the conventional patch 
cord ?ber 50 enters a speci?c position of the conventional 
multi mode ?ber 52, thereby reducing mode delay and jitter, 
and extending a transmission length of the conventional 
multi mode ?ber 52. 
[0084] In the conventional patch connection, it is di?icult 
to accurately irradiate single mode light emitted from a laser 
diode or a transmission device directly to a ?ber core or a 

speci?c position of a multi mode ?ber through an axis 
adjusting process or image recognition. Accordingly, it is 
necessary to dispose a patch cord ?ber betWeen a transmis 
sion device and a multi mode ?ber, thereby increasing cost 
and a mounting space. 
[0085] In the embodiment of the present invention, as 
described above, the short bare ?ber 38 is disposed as the 
patch cord betWeen the optical semiconductor device 10 and 
the pigtail bare ?ber 16. Then, through adjusting the Widths 
W1 and W2 of the front V-shaped groove 48a and the rear 
V-shaped groove 48b, it is possible to accurately and easily 
irradiate single mode light to the speci?c position of the 
pigtail bare ?ber 16. Accordingly, it is possible to extend a 
transmission length Without the conventional patch cord 
?ber, thereby reducing cost and a space. 

Fifth Embodiment 

[0086] With reference to FIG. 8, a ?fth embodiment of the 
present invention Will be explained. FIG. 8 is a schematic 
vieW shoWing a method of producing the surface mount 
optical coupler according to the ?fth embodiment of the 
present invention. 
[0087] As shoWn in FIG. 8, a plurality of silicon substrates 
12 is de?ned on a silicon Wafer 54. In the method, after the 
optical semiconductor device 10, the short bare ?ber 38 and 
the sealing cover 40 are mounted on each of the silicon 
substrates 12, the silicon Wafer 54 is cut into pieces to 
individually form the surface mount optical couplers. 
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[0088] In the method, ?rst, the V-shaped groove 14 is 
formed in the upper surface of the silicon substrate 12 
through photolithography and alkali etching, so that the 
V-shaped groove 14 extends from one side of an area of the 
silicon Wafer 54 to be cut into pieces to a middle of the area. 
Then, the optical semiconductor device 10 is mounted on the 
upper surface of the silicon substrate 12 on the extension of 
the V-shaped groove 14, so that the light emitting surface 
thereof becomes perpendicular to the direction that the 
V-shaped groove 14 extends. 
[0089] In the next step, the short bare ?ber 38 having a 
length smaller than that of the V-shaped groove 14 is placed 
in the V-shaped groove 14, so that the one end surface of the 
short bare ?ber 38 is optically coupled With the light 
emitting surface of the optical semiconductor device 10. 
Then, the short bare ?ber 38 and the optical semiconductor 
device 10 are air-tightly sealed With the sealing cover 40. 
[0090] As described above, in the embodiment, the optical 
semiconductor device 10 and the short bare ?ber 38 are 
sequentially mounted on the silicon substrate 12 constituting 
the silicon Wafer 54, and then the sealing cover 40 air-tightly 
seals the short bare ?ber 38 and the optical semiconductor 
device 10. Accordingly, it is possible to perform a series of 
the mounting process on the silicon Wafer 54. After all of the 
components are mounted, the silicon Wafer 54 is cut through 
a dicing cut process to obtain the surface mount optical 
couplers individually. 
[0091] As described above, in the embodiment, it is pos 
sible to perform a series of the mounting process on the 
silicon Wafer 54. Accordingly, it is possible to simplify and 
reduce the production process or enable an automated pro 
cess, thereby reducing manufacturing cost and maintaining 
stable quality. 
[0092] The disclosure of Japanese Patent Application No. 
2006-131755, ?led on May 10, 2006, is incorporated in the 
application. 
[0093] While the invention has been explained With ref 
erence to the speci?c embodiments of the invention, the 
explanation is illustrative and the invention is limited only 
by the appended claims. 
What is claimed is: 
1. An surface mount optical coupler, comprising: 
a silicon substrate having a ?rst groove, said ?rst groove 

extending in a ?rst direction; 
an optical semiconductor device disposed on the silicon 

substrate, said optical semiconductor device having at 
least one of a light emitting surface and a light receiv 
ing surface arranged perpendicular to the ?rst direction; 
and 

a bare ?ber disposed in the groove, said bare ?ber having 
one end surface optically coupled With the at least one 
of the light emitting surface and the light receiving 
surface. 

2. The surface mount optical coupler according to claim 
1, Wherein said bare ?ber has a length smaller than that of 
the ?rst groove. 

3. The surface mount optical coupler according to claim 
1, Wherein said bare ?ber is formed of vitreous silica 

4. The surface mount optical coupler according to claim 
1, further comprising a seal cover for sealing the optical 
semiconductor device and the bare ?ber. 

5. The surface mount optical coupler according to claim 
1, Wherein said bare ?ber is ?xed to the groove With solder 
or loW melting point glass. 
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6. The surface mount optical coupler according to claim 
4, further comprising a pigtail bare ?ber disposed in the 
groove, said pigtail bare ?ber being optically coupled With 
the other end surface of the bare ?ber. 

7. The surface mount optical coupler according to claim 
6, Wherein said pigtail bare ?ber is disposed outside the seal 
cover. 

8. The surface mount optical coupler according to claim 
1, further comprising a ball lens disposed in a second groove 
formed in the silicon substrate. 

9. The surface mount optical coupler according to claim 
8, Wherein said ball lens is disposed betWeen the optical 
semiconductor device and the bare ?ber so that the bare ?ber 
is optically coupled With the semiconductor device through 
the ball lens. 

10. The surface mount optical coupler according to claim 
8, Wherein said ball lens is disposed betWeen the bare ?ber 
and a pigtail bare ?ber so that the bare ?ber is optically 
coupled With the pigtail bare ?ber through the ball lens. 

11. The surface mount optical coupler according to claim 
1, further comprising a pigtail bare ?ber disposed in a 
second groove formed in the silicon substrate, said second 
groove having a depth different from that of the ?rst groove 
such that an optical axis of the bare ?ber is shifted from that 
of the pigtail bare ?ber. 

12. A method of mounting a surface mount optical cou 
pler, comprising the steps of: 

preparing the surface mount optical coupler according to 
claim 1; and 

mounting the surface mount optical coupler on a electric 
circuit board through a re?oW process. 

13. A method of producing a surface mount optical 
coupler, comprising the steps of: 

forming a ?rst groove in a silicon substrate; 
mounting an optical semiconductor device on the silicon 

substrate on an extension of the ?rst groove such that 
a light emitting surface of the optical semiconductor 
device is aligned in a direction perpendicular to a 
direction that the ?rst groove extends; 

placing a bare ?ber having a length smaller than that of 
the ?rst groove in the ?rst groove such that one end 
surface of the bare ?ber is optically coupled With the 
light emitting surface of the optical semiconductor 
device; and 

sealing the optical semiconductor device and the short 
bare ?ber With a sealing cover. 

14. The method of producing a surface mount optical 
coupler according to claim 13, further comprising the step of 
disposing a ball lens on the silicon substrate. 

15. The method of producing a surface mount optical 
coupler according to claim 13, further comprising the step of 
disposing a pigtail bare ?ber on the silicon substrate. 

16. The method of producing a surface mount optical 
coupler according to claim 15, further comprising the step of 
forming a second groove in the silicone substrate, said 
second groove having a depth different from that of the ?rst 
groove such that an optical axis of the bare ?ber is shifted 
from that of the pigtail bare ?ber. 


